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A NEWCLASSIFICATION OF THE TRIBE
CICHORIEAE, FAMILY COMPOSITAE

G. Ledyard Stebbins, Jr.

Introduction

The monumental monograph of the genus Crepis by Bab-
cock (1947) showed brilliantly how newer information from
genetics, cytology, and distribution can be integrated with the

more classical discipline based on gross morphology to produce
a natural classification of a large group of plants, and to gain

added insight into its interrelationships and evolution. From
1935 to 1939, the present writer was engaged in a study of the

relatives of Crepis, in order to make clear the position of this

genus in its tribe and family. Essentially the same techniques
were employed as those used by Babcock, except that hybridi-

zations were not attempted. Since the genera of the tribe

Cichoriae are so remotely related to each other that few inter-

generic hybrids involving them have ever been obtained, hy-
bridization attempts would contribute little to a clarification

of intergeneric relationships.

The writer's studies led him rather quickly to the conclu-
sion that the accepted classification of the tribe Cichorieae,
namely that by Hoffmann (1891) in "Die naturlichen Pflan-

zenfamilien," is artificial in m.any respects, and that a new
classification of the tribe is needed. The present attempt was
made in conjunction with a survey of the chromosome numbers
in the tribe, which is published elsewhere (Stebbins, Jenkins
and Walters, 1953)

.

Previous Classifications of the Tribe Cichorieae

The Cichorieae, or Cichoriaceae, were first recognized as a

natural group (''Ordo") by de Jussieu (1789) and since that
time have always been considered as the most distinctive and
easily recognizable subdivision of the family Compositae, or

by some authors as a separate family. On the other hand, dif-

ferent systems of classification have varied greatly in their

subdivision of the tribe. Jussieu recognized five subdivisions,
but defined them rather poorly. Nevertheless, he used the two
characters, namely presence or absence of receptacular paleae,
and character of the pappus, which have by all more recent
authors been regarded as the most important diagnostic char-
acters. Don (1825) made an entirely different arrangement of

the genera, using in addition to the characters of Jussieu, also

the character of the involucre, of the anther appendages, and
of the stigmas. His system is particularly artificial in respect
to his tribes Hypochaerideae and Lactuceae. The former con-
tains the modern genus Hypochaeris, plus two species, placed
in the genera Agenora and Soldevilla, which are now recog-
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nized as species of Crepis. The bulk of Crepis is placed in the
tribe Hieracieae, while Leontodon and Picris, the nearest rela-

tives of Hypochaeris, are placed by Don in the tribe Taraxaceae.
Don's tribe Lactuceae contains, besides genera now included
in Lactuca and Sonchus, also Chondrilla, Lygodesmia, and
Barkhausia, of which the latter "genus" is now united with
Crepis.

The next treatment, that of Lessing (1832) recognized seven
subtribes, which in many respects resemble those of the well-
known later treatment by Hoffmann. Lessing, however, placed
as much emphasis on the presence or absence of receptacular
paleae as he did on the nature of the pappus, and attempted
to distinguish between those genera having a fine, caducous
pappus on the one hand, and those with a coarse, persistent

pappus on the other. As a result, he separated the modern
genus Hypochaeris into a separate subtribe from its close rela-

tives Leontodon and Picris; and divided the genus Crepis, as

recognized by modern authors, into several "genera," which
are distributed between the subtribes Lactuceae and Hiera-
cieae. DeCandolle (1838) recognized Lessing's seven subtribes,

and added an eighth, the Rodigieae, an entirely artificial aggre-
gation of groups with a paleaceous receptacle and a capillary,

non-plumose pappus.
George Bentham, one of the outstanding students of the

Compositae of the last century, made no attempt to subdivide
the tribe Cichorieae. In Bentham and Hooker's Genera Plan-
tarum (1872) the genera are listed without subtribe headings.
Bentham followed the same course in his (1873) discussion of

the phylogeny and geographic distribution of the Compositae,
though he did suggest intergeneric relationships in discussing

geographic distribution.

Finally Hoffman (1891) made the systematic arrangement
best known to present day botanists, and the one on which
the treatment in most modern floras is based. He recognized
five subtribes. The first, the Scolyminae, agreeing with that

of Lessing, contains only the genus Scolymus. The second, the
Dendroseridinae, was erected for two anomalous arboreal in-

sular genera, Dendroseris of Juan Fernandez, and Fitchia of

the South Sea Islands. The Cichorinae unites the Hyoserideae
and Lampsaneae of Lessing, so as to include all of those genera
with paleaceous or coroniform pappus, or with epappose fruits.

The Leontodontinae unites the Hypochaerideae and Scorzon-
ereae of Lessing,*including all genera with the pappus consist-

ing of plumose bristles. Finally, the Crepidinae of Hoffmann
unites the Lactuceae and Hieracieae of Lessing, and includes
all genera with capillary, non plumose pappus.

Hoffmann's system, therefore, differs from Lessing's in little

except in the fact that Hoffmann does not consider either the
differences between the presence or absence of a pappus, or
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between the presence or absence of receptacular paleae, to be
of subtribal significance. Hoffmann's system, therefore, is based
almost entirely upon a single character, the nature of the

pappus.
The artificiality of such a system has been brought out strik-

ingly by the writer's studies of pollen grains, stigmas, and
particularly chromosomes, in conjunction with geographic dis-

tribution and the general growth habit of the plants. This
artificiality is particularly evident in the genera of the New
World. An example is the complex consisting of Microseris

(including Scorzonella and Uropappus)
,

Apargidium, Agoseris,

and Phalacroseris. All of these genera agree in having short

thick stigma branches, a peculiar orange color to the mass of

pollen grains, and eighteen chromosomes, except for occasional

polyploids. In the long-lived perennial species of these genera,

the chromosomes are all similar in size and shape. Furthermore,
the species resemble each other in general growth habit, and
all have their main distribution in western North America.
Yet the pappus in Microseris is paleaceous; in Apargidium it

consists of coarse, fragile, dark colored bristles; in Agoseris
it consists of white bristles, which may be either coarse or fine;

while in Phalacroseris it is absent. The connection between
Microseris and Agoseris is particularly close. Microseris troxi-

moides, which has numerous very narrow pappus paleae, is

closely similar in general habit of growth to Agoseris cuspidata,
in which the pappus consists of very coarse trichomes, hardly
different from the paleae of M. troximoides. Yet Hoffmann
places Microseris, along with Phalacroseris, in the Cichorinae,
while Agoseris and Apargidium are placed in the Crepidinae.

In other places, Hoffmann appears to contradict his own
classification. Thus Zacyntha and Heteracia are both placed in

the Cichorinae along with genera having a paleaceous pappus,
although in both the pappus is described in the generic descrip-
tion as "borstig." Babcock (1947) after careful study of the
single species of the genus Zacyntha, concluded that the genus
should be merged with Crepis, while the writer's study of

Heteracia has shown that it belongs in the Crepidinae near to
Chondrilla, which it resembles closely in involucres and
achenes,

Position of the Tribe Cichorieae

In the opinion of the present writer, the Cichorieae should
be treated, as they are by most systematists, as a tribe of the
family Compositae, rather than as a separate family. The latter

treatment is unwise for two reasons. In the first place, the
morphological gap between the Compositae as a whole and
any other plant family is far greater than that between the
Cichorieae and the rest of the Compositae. Secondly, there are
a few genera which form partial transitions between the two
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groups. Within the tribe Cichorieae itself, the genus Scolymus
resembles the Cynareae in its thistle like habit of growth, and
in possessing oil ducts. Gundelia, an anomalous genus of the
Arctotidae, agrees with Scolymus in its thistle like growth
habit, and in possessing latex canals as well as oil ducts. The
ligulate corolla, which is so distinctive a characteristic of the
Cichorieae, is found also in Stokesia of the Vernonieae and in

some genera of Mutisieae. Finally the echinolophate pollen

grain, another characteristic distinctive of most genera of

Cichorieae, is found also in the Vernonieae. There is, therefore,

no single characteristic found in the Cichorieae which does not
occur in other genera of Compositae.

On the other hand, the Cichorieae cannot be allied to any
other single tribe of Compositae. In corolla shape they are
nearest to the Mutisieae; in anthers, stigmas, and pollen grains
they are nearer to the Vernonieae. They resemble both of these
tribes in having alternate leaves, and in the general character
of their involucres. But there are no direct connections between
the Cichorieae and either the Vernonieae or Mutisieae, so that

the similarities observed may not indicate any real relationship.

The best assumption at present is that the ancestors of the
Cichorieae became separated from the ancestors of the rest

of the Compositae at a very early date in the evolution of the
family, before the present day tribes had become well defined.

Characters Used in the Present Study

As have all previous workers, the writer has found the
pappus to be the most useful single character for subdividing
the tribe. Nevertheless, as has been mentioned above, it cannot
be used as a major diagnostic character in all instances, since

there are several examples of genera which are closely similar

in all other respects but differ in the nature of their pappus.
In particular, the absence of a pappus is a very poor criterion

of affinity, since this structure seems to have been lost in several
different and independent lines of evolution. Consequently, the
epappose genera placed by Lessing in the Lampsaneae and by
Hoffmann in the Cichorinae, have by the present writer been
scattered elsewhere through the system, according to the
position of the genera which they most nearly resemble in other
characteristics.

The morphological characters most valuable next to the
pappus are the shape of the stigma branches and the character
of the pollen grains. In nearly all genera of Cichorieae native
to the Old World, the stigma branches are long and slender,

but in most of the genera endemic to the New World, they are
short and blunt. In respect to pollen grains, the Old World
genera nearly all have grains bearing the pattern of surface
markings characterized by Wodehouse (1935) as echinolophate,
and consisting of ridges bearing spines. In many of the New
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World genera of Cichorieae, on the other hand, the pollen
grains are merely echinate, as they are in most of the other
tribes of Compositae.

An accessory character which has been helpful in many
instances is the nature of the indumentum on the plant as a

whole. Four different types of trichomes occur in the various
genera of the tribe. Those found most often, and present on
some part of the plant of nearly every species, are slender,

appressed, usually crisped and often much elongated hairs,

which may form either a fine or coarse and arachnoid tomen-
tum. Next in frequency are spreading hairs, which vary from
rather fine structures to coarse, broad-based bristles. These give
a hirsute character to the plant. They are found in the majority
of the Old World genera, but are absent from nearly all of the
genera endemic to the New World. The third type are coarse,

spreading, trichomes which are forked or stellate at the apex.
These are best developed in the genus Leontodon, but occur
also in other Leontodontinae. Finally, there occur coarse,

spreading trichomes with glands at the apex. These are usually
confined to the peduncles and involucres. Although the occur-
rence of a particular type of indumentum can never be used
as a primary diagnostic character of a tribe or genus, neverthe-
less genera which resemble each other in general habit, in

geographic distribution, and in their chromosomes often have
a similar indumentum, so that this character can be used to

supplement other characters.

As in the genus Crepis itself, the karyotype has in many
instances proved to be a valuable clue to the affinities of the
various genera. The basic haploid chromosome number has
proved to be the most valuable, followed by the size. The
morphology of the somatic chromosomes is in general more
valuable in determining the relationships of species within a
genus, than the position of genera within the tribe.

Differences Between the Present Classification

AND Previous Ones

The principal difference between the present classification

of the tribe Cichorieae and those previously proposed is that
the present writer has not distributed the genera into a few
major subdivisions based on one or two easily recognized "key
characters," but has considered each genus separately, placing
it nearest to those genera which it most nearly resembles in

respect to the largest number of characteristics of external
morphology, plus the nature of the chromosomes and the geo-
graphic distribution. In addition, genera have been placed near
each other if they are connected by transitional species, even
if the most typical species of the genera concerned are very
different in a number of characteristics. An example of this
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treatment is the placing of Microseris and Agoseris next to each
other. This method has resulted in a classification which can-
not be expressed in the form of an artificial key, since the char-
acter combinations which characterize the major subdivisions
are often difficult to determine on the usual type of herbarium
specimen available. For this reason, no artificial keys to sub-
tribes or to genera have been attempted. In his work of identi-

fication, the writer has found that the keys used in the various
regional floras and manuals are quite adequate for identifica-

tion purposes, even though they often do not place related
genera next to each other.

The chief innovation by the present writer has been the
erection of two new subtribes endemic to the New World, the
Stephanomerinae and Malacothricinae. This has been the direct

outcome of the emphasis on chromosomes and geographic distri-

bution plus consideration of pollen grain and stigma characters.
The reasons for this treatment will be discussed below.

Subdivisions of the Tribe Cichorieae

The tribe Cichorieae can be divided into eight subtribes,

as follows:

Subtribe 1. Scolyminae. Plants thistle-like; receptacle with
broad, chaffy paleae which enclose the achenes; oil ducts as

well as latex canals present; pappus of a few, coarse bristles;

pollen grains echinolophate. Basic chromosome number, x=10.
One genus, Scolymus, Mediterranean. The isolated position of

this genus, which has been placed in a subtribe by itself by all

previous workers, is borne out by its chromosome number,
which is different from the basic number of any other genus
in the tribe. In the thistle-like habit, as well as in the possession
of oil ducts, Scolymus is transitional toward genera of the
Cynareae and Arctotidae.

Subtribe 2. Cichorinae. Plants various in habit, but usually
bearing coarse, broad based, non-glandular trichomes; recep-
tacle paleaceous in Hymenonema, bristly in Catananche, gla-

brous in the other genera; flowers blue or yellow; achenes (ex-

cept in Koelpinia) short, turbinate or columnar, truncate at

the apex; pappus usually consisting of paleae or awns, or absent,

bristly only in Tolpis; pollen grains echinolophate, the pollen

mass pale yellow in color; stigma branches mostly elongate.

Basic chromosome number in most genera x=9, in Hyoseris
x=8, unknown in Hymenonema, Haenseleria, and Hispidella.

Nine genera, all primarily Mediterranean, with Tolpis extend-
ing to central and south Africa, with Koelpinia extending to

central Asia, and with species of Cichorium and Arnoseris oc-

curring in many regions as introduced weeds. The following
genera are included: Hymenonema, Catananche, Cichorium,
Haenseleria, Tolpis, Hispidella, Arnoseris, Koelpinia, Hyoseris.
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This subtribe is a relatively small one, since only two of its

genera, Cichorium and Tolpis, with seven to eight and fifteen

to twenty species respectively, contain more than five species.

It is, furthermore, a relatively heterogeneous subtribe. The
genera Hymenonema, Catananche, and Cichorium are all rather
closely related to each other, as are also Tolpis, Hispidella,

Arnoseris, and probably Koelpinia. But these two groups of

genera have relatively little in common, and in fact Tolpis and
its relatives appear in many respects to be related to Hieracium
of the subtribe Crepidinae. The small genera Haenseleria and
particularly Hyoseris occupy isolated positions, showing no
clear relationships to any other genus.

Subtribe 3. Microseridinae. Plants mostly low in stature, tending
to be acaulescent or with few heads per stem; mostly glabrous,
sometimes appressed tomentose, rarely with a few glandular
hairs, but never hirsute; receptacles never paleaceous or setose;

flowers yellow; achenes various in shape; pappus of paleae,

awns, setae, or absent; pollen grains echinolophate, the pollen
mass bright orange in color; stigma branches short and blunt.

Basic chromosome number x=9, x=6, and x=5. Seven genera,
all except Picrosia predominantly or entirely North American,
with Agoseris and Microseris containing species in South Amer-
ica, and one species of Microseris in Australia. The writer fol-

lows Shinners (1947) in uniting Serinia with Krigia.

Contains the following: Microseris, Phalacroseris, Apargidium,
Agoseris, Ki^igia, Pyrrhopappus, and Picrosia.

The recognition of this subtribe is based primarily on the
fact that the first four genera mentioned are closely similar in

general habit of growth, geographic distribution, and chromo-
somes, and are connected by transitional species. The only
technical characters which separate them from the Cichorinae
are the short, blunt, and rather broad stigma branches, and the
peculiar orange color to the pollen mass, which is due to the
presence in the anthers of some sort of oily or fatty substance.
Krigia and Pyrrhopappus share with these four their pubes-
cence, stigma, and pollen characters, and are likewise North
American, although they occur on the eastern rather than the
western side of that continent. The monotypic genus Picrosia,

of eastern temperate South America, is closely related to Pyrr-
hopappus, of which it is probably a specialized offshoot.

Subtribe 4. Stephanomerinae. Plants varying in habit from
shrubs to small annuals; mostly glabrous, but some species

appressed-tomentose, none hirsute with spreading hairs; recep-
tacle paleaceous in Pinaropappus, bristly in some species of

Malacothrix, naked in the other genera; flowers pink, white,
or less often yellow; achenes cylindric, fusiform, or beaked,
never flattened; pappus setose (absent in Atrichoseris) , the
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setae either plumose or non-plumose; pollen grains echinate,

except in three or four species of Lygodesmia; stigma branches
mostly short. Basic chromosome numbers x=9, 8, 7, and 6.

Eleven genera, all North American (except for Thamnoseris) :

Stephanomeria, Chaetadelpha, Lygodesmia, Thamnoseris, Pin-
aropappus, Malacothrix, Rafinesquia, Anisocoma, Calycoseris,

Glyptopleura, Atrichoseris.

The genera of this subtribe are rather diverse in both
general habit and technical characters, and there is no single

diagnostic character by which they can be distinguished. The
great majority of the species differ from all of the Old World
species and genera to which they have previously been related

by their echinate pollen grains, the pollen grains of the Old
World genera being echinolophate except for some species of

Soroseris (Stebbins, 1940) . This character breaks down, how-
ever, in Lygodesmia, since L. runcinata, L. grandiflora, L.

aphylla, and L. texana all have echinolophate pollen grains.

A second character is that in most species of the Malacothri-
cinae the stigma branches are shorter than in most species of

the Leontodontinae, Scorzonerinae, and Crepidinae, the Old
World subtribes in which they might be placed. But in species

of Pinaropappus and Lygodesmia the stigma branches are dis-

tinctly elongated, while in some Old World species they are

relatively short.

Nevertheless, these NewWorld genera have certain features

of general habit which relate them individually to each other
more closely than any of them appear to be related to genera
of the Old World. For instance Stephanomeria, with plumose
pappus bristles, appears to be more similar to Lygodesmia,
which has non-plumose bristles, than to any genus of the

Leontodontinae, in which it is placed by Hoffmann. Similarly

the plumose bristled Anisocoma resembles the annual species

of Malacothrix more than any species of Leontodontinae. If

these genera with few and stout, plumose pappus bristles were
placed into the Crepidinae along with the apparently related

North American genera having numerous, slender non-plumose
bristles, then the chief distinction between the Leontodontinae
and Crepidinae would disappear. Since these New World
genera do not seem in other characters to represent intergrades

between the Old World Leontodontinae and Crepidinae, but
rather independent evolutionary lines which are offshoots from
some extinct common ancestor, their recognition as a separate

subtribe fits best with their probable phylogenetic relationships.

Their chromosomes bear out this treatment. Although diverse

in both basic chromosome number and chromosome morphol-
ogy, the karyotypes of these genera do not resemble those of

any genera of Leontodontinae or Crepidinae.
Two rather different groups of genera can be recognized

in the subtribe Stephanomerinae. One, consisting of Stephano-
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meria, Lygodesmia, and Chaetadelpha, contains plants which
are usually much branched, with leaves reduced in size, and
with narrow heads containing few florets. Shinners (1950)

has recently merged Stephanomeria with Lygodesmia, but in

the writer's opinion these two genera are no closer to each

other in the sum total of their habital and floral characteristics

than are many other pairs of generally recognized genera of

the Cichorieae. In addition to the pappus, differences exist

between most species of the two genera with respect to the

character of the pollen grains, the length of the stigma
branches, and the size and shape of the achenes. The little

known genus Thamnoseris, endemic to the small islands San
Felix and San Ambrosio, off the coast of Chile, appears related

to this group. Although its geographic distribution is near to

that of Dendroseris, Thamnoseris appears to have cylindric

achenes like those of Stephanomeria rather than the irregular,

strongly flattened type of achene characteristic of Dendroseris,

and so does not fit well into the Dendroseridinae. The small
genus Rafinesquia, of the southwestern United States, although
somewhat isolated in position, is probably nearer to Stephano-
meria than to any other genus, and agrees with Stephanomeria
in having the basic chromosome number x=8.

The second group of genera contains Malacothrix plus four
small genera of the southwestern deserts, Anisocoma, Atricho-
seris, Calycoseris, and Glyptopleura. These are all annual herbs
except for three or four species of Malacothrix. They are rela-

tively little branched, and have heads with numerous florets.

The remaining genus of the subtribe, Pino.ropappus, resembles
Stephanomeria in general habit, but in its many flowered heads
is more like Malacothrix. It is, however, wholly distinctive

amiong New World genera of the Cichorieae in its paleaceous
receptable and strongly beaked achenes, while it is the only
genus of the tribe of which the distributional center is in

Mexico.

Subtribe 5. Dendroseridinae. Shrubs or trees up to seven meters
tall, with large, entire or pinnatifid leaves. Inflorescences and
involucres very diverse in appearance and size; receptacle
naked; flowers mostly white; achenes irregular in shape, flat-

tened; pappus of relatively few, coarse, non-plumose setae;

pollen grains echinate; stigma branches short or somewhat
elongated. Basic chromosome number, x=9. One genus, Den-
droseris, endemic to the Juan Fernandez islands.

The genus Dendroseris resembles the Stephanomerinae in
most of its characteristics, particularly its pollen grains, and is

probably a specialized offshoot from some primitive member
of that tribe. Nevertheless, its distinctive habit and peculiar
achenes set it off so well from any living genus of Stephano-
merinae, with the possible exception of Thamnoseris, that the
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best course is to follow Hoffmann and place it in a separate
tribe. This treatment is supported by the chromosome studies.

The species of Dendroseris investigated have in their somatic
cells thirty-six small chromosomes, very different in appear-
ance from those of any other New World member of the
Cichorieae.

Skottsberg (1951) has recently suggested that Dendroseris
should be divided into four genera, two of which he describes
as new. He has based this decision partly upon their great
diversity in certain characters of external morphology, and
partly upon characters of the pollen grains, provided by Wode-
house and Erdtman. In the writer's opinion, this splitting is

unwise. The diversity in external morphology among the spe-
cies of Dendroseris is no greater than that found within many
genera of the Compositae, and less than that in Sonchus and
Lactuca. In respect to the pollen grains, the writer (Stebbins,

1940) showed that the two sections of the central Asiatic genus
Soroseris have pollen grains which differ from each other to

about the same degree as those of the sections of Dendroseris
which Skottsberg proposes to recognize as genera. In Prenan-
thes, the central African species P. suhpeltata has pollen grains
which differ from those of typical Prenanthes more than the
sections of Dendroseris differ from each other, and the same
is true of the different sections of the American genus Lygo-
desrnia. Hence none of the differences between the sections of

Dendroseris would force us to recognize them as genera.
In the writer's opinion, the chief reason for recognizing

new genera among well known species previously grouped
together is different from any suggested by Skottsberg. If a
particular group of species is well set off in respect to several

characters from all other species of the genus to which it is

traditionally assigned, and shows such clear relationships to

other genera that it might as well be assigned to them, then
its recognition as a distinct genus is well justified. This is true
of the new genera of Cichorieae recognized by Babcock and
the writer, as well of the old genera revived and redefined,

such as Youngia, Duhyaea, Soroseris, Aethiorrhiza, and Cicer-

hita. But this is not true of the sections of Dendroseris. Although
they appear distinct from each other in respect to a number of

characteristics, they all resemble each other far more closely

than any of them resembles any other genus of Cichorieae.
This holds for chromosome number and morphology, so far

as known, as well as for external characters. They are thus
much more easily dealt with as a single unit than as four
separate units with different names.

Hoffmann includes in the tribe Dendroseridinae also Fitchia,

a genus of three species of arboreal Compositae endemic to

certain islands of the South Pacific. After careful examination
of excellent herbarium material of Fitchia speciosa in the
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herbarium of the University of Cahfornia, the present writer

agrees with those authors who consider that Fitchia does not

belong in the tribe Cichorieae at all. The only character in

which it resembles the Cichorieae is the ligulate corolla, and
even here the resemblance is only superficial .The corolla of

Fitchia is very deeply and irregularly lobed, with the lobes

strongly pubescent at the apex. Furthermore, it is traversed

by a complex system of vascular bundles, in striking contrast

to the simple pattern of venation found uniformly throughout

the Cichorieae. Actually, Fitchia contains a combination of

characters not found in any other genus of Compositae, and
has many very primitive features. In the writer's opinion, it

should be placed in a tribe by itself, which shares characters

of the Heliantheae and Mutisieae, two tribes which otherwise

are nearly at opposite ends of the system of the Compositae.

SuBTRiBE 6. Scorzonerinae. Perennial, biennial, or annual herbs;

glabrous or appressed-tomentose, never hirsute; leaves mostly
linear or elliptic, and entire, their principal veins parallel;

involucres rather large; receptable naked; flowers pink, white
or yellow; achenes cylindric, fusiform, or beaked; pappus of

elongate, coarse, strongly plumose setae; pollen grains echino-

lophate; stigma branches elongate. Basic chromosome numbers,
x=:7 and x=6. Scorzonera, Tragopogon, and Torneuxia, native

to Eurasia and North Africa.

The Scorzonerinae differ from the Leontodontinae, in which
they have been placed by Hoffmann, by their lack of hirsute

pubescence, their relatively large and pale achenes, the elon-

gate, interlaced trichomes or plumes on their pappus bristles,

and particularly in their distinctive habit and leaves. There
are no genera transitional between the Scorzonerinae and
Leontodontinae. In fact, the most generalized species of Scor-
zonera, such as S. divaricata of Central Asia, resemble Stephan-
omeria and Lygodesmia, of the Stephanomerinae, in both habit
of growth and adaptation to xeric habitats, as well as in their

achenes. The Scorzonerinae are certainly a specialized group,
but appear to have been derived from some group nearer to

the Stephanomerinae than to the Leontodontinae or their

ancestors.

SuBTRiBE 7. Leontodontinae. Perennial or annual herbs, mostly
with coarse, spreading, hirsute pubescence, the hairs often
forked; involucres various in size and appearance; receptacle
paleaceous or naked; flow^ers nearly always yellow; achenes
mostly fusiform or beaked; pappus of coarse, plumose setae,

or occasionally paleaceous or coroniform; pollen grains echi-

nolophate; stigma branches elongate. Basic chromosome num-
bers, x=7, 6, 5, 4, and 3. Seven genera, all predominantly Medi-
terranean, with Hypochaeris extending to eastern Asia and
South America, Picris to eastern Asia, and with species of



76 MADRONO [Vol. 12

nearly all of the genera introduced as weeds into various
regions of the world. Includes the following: Hypochaeris,
Leontodon, Picris, Urospermum, Hedypnois, Garhadiolus, Rha-
gadiolus.

As recognized here, the Leontodontinae are a relatively

small, closely knit group. In general habit as well as distribu-

tion, they resemble certain genera of the Crepidinae, particu-

larly Hieracium and Crepis. This resemblance also extends to

the pollen grains, stigmas, and chromosomes. Nevertheless,
there is little reason to believe that the modern Crepidinae
are descended from the modern Leontodontinae or vice versa.

As will be pointed out below, most of the genera of Crepidinae
can be traced back, on the basis of evidence from both external
morphology and chromosomes, to the genus Duhyaea, which
in all respects except for its receptacle and pappus is more
primitive than any genus of Leontodontinae. The most primi-
tive genus of this latter tribe, Hypochaeris, because of its palea-

ceous receptacle and few, course pappus bristles, cannot be
derived from Duhyaea or any other genus of Crepidinae. Fur-
thermore, the coarse, often forked trichomes which form the
most common type of indumentum in the Leontodontinae are
found more often in the Cichorinae than the Crepidinae, and
suggest a connection between the Leontodontinae and the
Cichorinae.

The writer has transferred to the Leontodontinae three
small genera which Hoffmann placed in the Cichorinae, namely
Hedypnois, Garhadiolus, and Rhagadiolus. The most primitive
species of these genera resemble Leontodon and Picris in growth
habit, involucres, and achenes, as well as chromosome number
and morphology. Hoffmann placed them in the Cichorinae
because their pappus is mostly paleaceous, coroniform, or ab-
sent, rather than consisting of plumose bristles. In Leontodon,
however, there are several species in which the marginal
achenes of the head have a paleaceous or coroniform pappus,
whereas in certain species of Hedypnois and Garhadiolus the
"paleae" composing the pappus are actually coarse bristles

which may or may not be somewhat broadened at the base.
Rhagadiolus is a highly specialized derivative of Garhadiolus
in which the mature achenes and inner involucral bracts are
much elongated, and the pappus has become lost.

SuBTRiBE 8. Crepidinae. Plants various in habit, from much
reduced annuals to small trees; involucres and achenes like-

wise various; pappus of numerous coarse or fine non-plumose
setae; stigma branches elongated; pollen grains echinolophate,
except in Soroseris and one species of Prenanthes. Basic chro-
mosome numbers x=9, 8, 7, 6, 5, 4, and 3. Twenty-five genera,
all predominantly Eurasian except for Launaea, Sonchus, and
Dianthoseris, which are chiefly or entirely in Africa; but with
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species of various genera widespread in all other continents
and insular regions either as indigenous or introduced mem-
bers of the flora.

The Crepidinae form by far the largest subtribe of the Ci-

chorieae, since their species far outnumber those of all of the
other subtribes put together. They are also the most diverse
in every respect, and contain species with many primitive
characteristics as well as highly specialized ones. In all of their

morphological characteristics, the species of the central Asiatic

genus Duhyaea are the most primitive of this subtribe, and
furthermore, different species of Duhyaea show clear resem-
blances and apparent relationships to various large and well
recognized genera of the Crepidinae, such as Lactuca, Crepis,

Youngia, Prenanthes, and Hieracium (Stebbins, 1940) . In each
of these larger genera, there are certain primitive species which
resemble Duhyaea in various ways, and other species which
are progressively more specialized in respect to the vegetative
and floral characteristics listed in the discussion section, and
more characteristic of the genera to which they belong. Our
present knowledge of the interrelationships of the genera of

Crepidinae is, therefore, best expressed by recognizing a series

of phylogenetic lines which radiate outward from the primitive
genus Duhyaea. This genus and its relative Soroseris, which
forms the first of the radiating lines, have both been carefully

described in a previous publication (Stebbins, 1940) . The re-

maining lines are a? follows.

Launaea-Sonchus line. Contains Launaea, Sonchus, Reich-
ardia, Aethiorrhiza, and Dianthoseris. Launaea and Sonchus are
both relatively large genera of which the greatest concentra-
tion of species is in Africa. The boundary between them is

obscure, and cannot be accurately established until the African
species of both genera have been carefully studied. Some
species placed in Sonchus by Fries (1925) such as S. rarifolius

Oliv. et Hiern. and S. nanus Sond., have characteristics of in-

volucres, achenes, and the vascular anatomy of the ovary
which indicate that they almost certainly belong in Launaea.
The position of the monotypic genus Aethiorrhiza, of which
the only species, A. hulhosa (L.) Cass., has often been placed
in Crepis, has been fully discussed by Babcock and Stebbins
(1943) . Dianthoseris, endemic to the high mountains of central

Africa, may not be distinct from Launaea.
The most conspicuous diagnostic character of the genera

in this group is the type of pappus, consisting of coarse setae
mingled with very fine, slender ones. In growth habit, its most
primitive genus, Launaea, differs greatly from any species of

Duhyaea, and certain species of Launaea resemble in this re-

spect species of Lygodesmia. Since species of the latter genus
also have unequal pappus bristles, there is some possibility
that the Launaea-Sonchus line represents a group intermediate
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between the Crepidinae and Stephanomerinae, although this

is not evident at all from the characteristics of its largest genus,
Sonchus.

Hieracium line. Contains the very large and widespread
genus Hieracium plus Andryala, a small genus endemic to the
western half of the Mediterranean region. The distinctive fea-

tures of this line are the cylindric and truncate achenes, and
the fragile, usually colored pappus setae.

Prenanthes-Lactuca line. Contains Prenanthes, Faheria,
Cicerhita, Cephalorrhynchus, and Lactuca. The most primitive
members of this line are mesophytic herbs adapted to forests

or subalpine meadows in the cooler parts of Eurasia. The spe-

sies are predominantly tall, leafy stemmed plants with numer-
ous heads. As recognized by the present writer, Cicerhita con-
sists of three species, C. alpina (L.) Wallr. of northern and
central Europe, C. Pancicii (Vis.) Beauverd of the Balkans, and
C. ahietina (Boiss.) Stebbins of the Caucausus. It stands mid-
way between Prenanthes and Lactuca. Another small genus,
Cephalorrhynchus, contains four species of southeastern Europe
and southwestern Asia. It is distinguished from Lactuca chiefly

by its five-sided achenes, which are little or not all all com-
pressed. The reasons for uniting Mulgedium, as recognized by
Hoffmann, with Lactuca, are given elsewhere (Stebbins, 1937a)

.

Faheria is very close to Prenanthes, and perhaps not distinct

from that genus.
Youngia-Ixeris line. Contains Youngia, Ixeris, Lapsana,

Aposeris, Taraxacum, Chondrilla, Willemetia, Heteroderis, Het-
eracia, and Acanthocephalus. This line is characterized by the
glabrous or only slightly tomentose character of the plants,

the differentiation of the involucral bracts into two markedly
different series, the rather small achenes which in the last six

genera are truncate and strongly tuberculate at the apex; and
the small chromosomes. Lapsana and Aposeris, which are
placed by Hoffmann in the Cichorinae, are regarded by the
present writer as specialized offshoots of primitive members
of the Youngia-Ixeris complex, in which the pappus is absent
or much reduced. The reasons for keeping Youngia distinct

from Crepis have been discussed by Babcock and Stebbins
(1937), while Stebbins (1937b) has discussed the character-

istics which relate Ixeris to Youngia rather than to Lactuca,
with which genus it is united by Hoffman. The writer has else-

where (Stebbins, 1937b) given his reasons for uniting the
genera Crepidiastrum and Paraixeris with Ixeris. The genera
Heteracia and Acanthocephalus, placed in the Cichorinae by
Hoffmann, appear to the writer to be specialized offshoots of

Chondrilla. The pappus of the inner achenes in Heteracia is

setose, with setae similar to those of most genera of Crepidinae,
while the inner achenes themselves are much like those of

Chondrilla and Heteroderis. Although the best known species
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of Acanthocephalus, A. amplexifolius. Kar. et Kir, has very
anomalous involucres and achenes, A. Benthamianus Kegel et

Schmal. has involucres which when young are not very differ-

ent from those of Heteracia, and its achenes are shaped like

those of Heteracia and Chondrilla.

Crepis line. Contains only the large genus Crepis. The
phylogeny and relationships of this genus have been thoroughly
discussed by Babcock (1947) , who has stated in full his reasons
for merging with it the genera Zacyntha, Rodigia, and Ptero-

theca, which were recognized by Hoffmann.

Relationships Between the Subtribes

The amount of information which has been obtained on
both morphological and cytological characteristics of the Ci-

chorieae makes possible some suggestions as to the relation-

ships between the subtribes of Cichorieae and of the trends
of evolution which have taken place in the group. Most of the
morphological and cytological criteria which serve as a basis

for determining the relative primitiveness or advancement of a

species or genus have been discussed by Babcock (1947, pp.
42-48; 1950) and by the present author (Stebbins, 1940; Steb-
bins, Jenkins, and Walters, 1953) . If we go by these criteria,

we find that there is no genus or species of Cichorieae which
is primitive with respect to all of them. Some species of Duh-
yaea are primitive in all respects except that they lack recep-
tacular paleae, and possess a pappus of numerous bristles,

rather than of relatively few paleae. Other genera which are
relatively primitive are Hymenonemaof the Cichorinae, Micro-
seris, of the Microseridinae, and Hypochaeris of the Leonto-
dontinae. When we compare these four genera with each other
we find that they have relatively little in common, and the
interrelationships between them are difficult to see. This sug-
gests that divergent evolution had already progressed a con-
siderable distance in the tribe before these modern genera
originated, so that we must postulate the former existence of a
whole series of types which are now completely extinct. This
conclusion is further supported by the fact that the most primi-
tive modern genera are found in regions geographically remote
from each other. Hymenonema, along with the peculiar and
much isolated genus Scolymus, occurs in the Mediterranean
region; Hypochaeris extends from this region into central Asia,
with an outlying and certainly derived group of species in

South America; Duhyaea is in east Central Asia; while Micro-
seris is in western North America. Because of this situation,

the construction of a phylogenetic chart for the tribe would be
highly speculative and misleading.

Wemay nevertheless conclude from these studies that the
general phylogenetic trends in external morphology and in
the character of the chromosomes w^hich Babcock has demon-
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strated to have occurred in Crepis have also probably been
characteristic of the tribe Cichorieae as a whole. Furthermore,
the fact that the highlands of Central Asia are centrally located

with respect to the distribution of the tribe as a whole, as well
as its most primitive genera supports Babcock's hypothesis
that the entire tribe Cichorieae, as well as the genus Crepis^

originated in this region.

The time when this tribe originated cannot be inferred with
any reasonable degree of probability. Babcock (1947, p. 131)

produced evidence that Crepis originated in the early or middle
part of the Tertiary period. Since the evidence summarized in

this paper indicates that the tribe had already gone a long
course of evolution before Crepis appeared, the origin of the

tribe Cichorieae can hardly be placed at later than the begin-

ning of the Tertiary or the end of the Cretaceous period. Its

early evolutionary history will always be more or less obscure
because of lack of evidence concerning the extinct forms, while
the later history of the subtribes and genera will be clarified

only as they become studied in the intensive manner which
Babcock has applied to Crepis.

Division of Genetics,
University of California, Berkeley.
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TAXONOMYAND CHEMISTRY OF THE WHITE PINES

^

N. T. MiROv

Taxonomy

The white pines comprise the section Haploxylon of the
genus Pinus. According to Shaw (21), there are nineteen
species of white pines. These he assigns to two subsections,
Cemhra and Paracemhra. His subsections are further divided
into groups of which five represent the white pines proper,
and a sixth group, Cemhroides, which represents the pinyon
pines. Some botanists regard the white pines proper as a
distinct genus separate from the pinyon pines, while others
separate the section Haploxylon into three genera (15, p.

11-13) . Shaw's classification of Haploxylon is as follows:

Subsection Cembra

Group Cembrae
P. koraiensis Sieb. & Zucc.
P. cemhra L.

P. alhicaulis Engelm.

Group Flexiles

P. flexilis James
P. armandi Franch.

Group Strobi
P. ayacahuite Ehr.
P. lambertiana Dougl.
P. parviflora Sieb. & Zucc.
P. pence Grisebach
P. excelsa Hook.
P. monticola Dougl.
P. strohus L.

Subsection Paracembra

Group Gerardianse
P. gerardiana Wall.
P. hungeana Zucc.

Group Cembroides
P. cemhroides Zucc.
P. pinceana Gord.
P. nelsonii Shaw

Group Balfourianae
P. halfouriana Murr.
P. aristata Engelm.
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California. The work reported in this paper was aided through a grant
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